Type 1 regulatory T (Tr1) cells are Foxp3-negative regulatory CD4 + T cells that develop outside of the thymus and mediate regulatory functions in large part by producing the immunosuppressive cytokine IL-10. They have been shown to play an important role in controlling unwanted immune reactions driven by effector CD4 + and CD8 + T cells, such as those in certain autoimmune diseases and graft-versus-host disease (reviewed in 1 ). These promising results have prompted scientists to test the immunomodulatory potential of these cells in clinical settings by adoptively transferring them into patients who receive hematopoietic stem cells. 2 However, although Tr1 cells were first described several decades ago and represent a powerful tool for cell therapies, it is still not resolved whether they represent a distinct T-helper subset or lineage and how they develop. Tr1 cells, at least in vitro, can be induced by several cytokines. In addition to IL-10 itself, 3 type 1 interferons 4,5 and IL-27 6-8 have been described as potent Tr1 cell inducers. Thus, Tr1 cells may represent another example of apparent T-helper cell plasticity, which may contrast with the existence of a 'master switch' TF that regulates their differentiation. Regardless of the Tr1 cell priming cytokine, they all induce IL-10 release, which points to a common or similar transcriptional network that controls their differentiation and remains to be elucidated.
In a recent publication in Nature Immunology, Karwacz et al., 9 sought to identify 'pioneering factors' that are induced upon IL-27 stimulation and shape the epigenetic landscape to increase chromatin accessibility and allow the recruitment of additional transcription factors (TFs) during Tr1 cell differentiation. 9 By performing global gene expression analyses, they could show that the expression of two known TFs, IRF1 and BATF, could be rapidly induced during the IL-27-mediated differentiation of naive murine CD4 + T cells into Tr1 cells. Furthermore, both TFs are indispensable for Tr1 cell differentiation and IL-10 production. It is known that BATF-dependent regulation of chromatin accessibility is important for T-helper 17 (Th17) and effector CD8 + T cell differentiation, but in those processes BATF cooperates with IRF4 instead of IRF1. 10 IL-27 signaling involves the phosphorylation and activation of both STAT1 and STAT3. Using STAT1-and STAT3-deficient cells, they established that STAT1 controls IRF1 induction, whereas STAT3 is required for BATF expression upon IL-27 stimulation. IRF1 appears to directly control Il10 expression, and thus Tr1 cell functionality, as IRF1 overexpression enhances Il10 transcription in Tr1 cells. This was not observed for BATF overexpression, which instead enforced the transcription of Il21 and Maf, in accord with previous findings. 11, 12 Indeed, IRF1 plays a major role in driving regulatory immune responses as IRF1-deficient mice show exacerbated disease in MOG peptideinduced experimental autoimmune encephalomyelitis (EAE). This was accompanied by increased IL-17A and IFN-γ production by MOG-reactive T cells. By contrast, BATF-deficient mice are resistant to EAE induction and do not develop an antigen-reactive Th17 cell signature, which is also consistent with its role in Th17 cell differentiation. 11 Karwacz et al. also report that IRF1 deficiency is associated with locally decreased Il10 mRNA expression in the central nervous system (CNS) and draining lymph nodes during disease resolution. Notably, in the CNS the differences are only minor trends that do not reach significance. In addition, it remains to be determined whether the differences in BATF deficiency caused the most dramatic and distinct effect on chromatin accessibility at 72 h of Tr1 cell differentiation. Furthermore, the authors state that deficiency in the other TFs revealed a similar pattern of chromatin landscape changes. However, it became apparent that IRF1 deficiency also induces alterations, although they are less pronounced when compared to wild-type and c-Mafor AhR-deficient cells. This finding was further supported by the quantification of TF-dependent accessible peaks per transcription factor, which revealed increased numbers in IRF1-and, especially, BATF-deficient cells. Finally, as IRF1-and BATF-deficient cells displayed unique chromatin accessibility under Tr1 cell conditions, the authors investigated the transcriptional program of these cells. In accordance with the previously described findings, BATF deficiency caused a more dramatic and distinct alteration of the transcription profile compared to IRF1 deficiency. IRF1 negatively controls the expression of Klf7 and positively regulates the expression of Stat1, Il10, Ccr5 and Prf1 (perforin). By contrast, the BATF-dependent Tr1 cell network appears to be more complex and regulates the transcription of genes such as Klf10, Runx2, Prdm1 and Hif1a.
Altogether, although they do not function as Tr1 cell 'master switch' TFs, IRF1 and, especially, BATF seem to carry out 'pioneering' functions on the Il10 locus by inducing the expression of TFs and triggering chromatin remodeling that is necessary for further TF binding, Il10 transcription and, ultimately, Tr1 cell differentiation (Figure 1) .
Since the first description of Tr1 cells by the group of Roncarolo in 1997, 3 it has become evident that peripherally induced IL-10-producing Tr1 cells play an important role in regulating immune responses. However, it has remained unclear how the differentiation of these cells and expression of IL-10 is controlled. The study by Karwacz et al. has provided important novel findings on the role of two 'pioneering TFs', BATF and IRF1, in controlling Il10 transcription and Tr1 cell in vivo functionality. It remains to be investigated whether these roles are specific to the IL-27-mediated Tr1 cell differentiation of murine T cells or whether they represent a general prerequisite for IL-10 induction in Tr1 cells. 
